Oils and fats exist in many foods as emulsions, and preventing the oxidation of emulsion is vital importance for the food industry. In this study, the effect of different concentrations of Tween 20 (0.5, 2.5, 5.0, 10 w% vs. oil) on the oxidation of canola oil O/W emulsion was investigated. Oxidation was conducted at 34˚C in the dark and accelerated using 2,2-azobis (2,4-dimethylvaleronitrile) (AMVN) and 2,2'-azobis (2-methylpropionamidine) dihydrochloride (AAPH) as radical generators. Peroxide value (PV, mEq/kg) was monitored as generation of the primary oxidation compound. PV was suppressed by Tween 20 in a dose-dependent manner in both emulsion system using AMVN and AAPH, and the tendency of suppression was clearer in the system using AMVN than in that using AAPH. Contrarily, there were no significant differences in PV when emulsions were prepared with tocopherol-stripped oil. The particle size of emulsion droplets were also consistent among emulsions prepared. However, tocopherol contents at lipid phase of the emulsions prior to oxidation decreased with concentration of Tween 20. These results suggest that excess Tween 20 could cause tocopherol to migrate from the lipid phase of the emulsions to lipid-oil interface, suppressing the oxidation of emulsions.
is affected by its composition of fatty acids: oils and fats having unsaturated fatty acids, such as linoleic acid (C18:2) or linolenic acid (C18:3) are more sensitive to oxidation than that having saturated fatty acids such as palmitic acid (C16:0) or stearic acid (C18:0). To prevent food containing oils and fats from oxidation, a lot of antioxidants were evaluated its antioxidative activity [1] .
In most cases, oils and fats are present as emulsions, such as water-in-oil (W/O) emulsion (e.g. margarine and butter) or oil-in-water (O/W) emulsion (e.g. beverages, milk, and fresh cream). In addition, it is known that the oxidative stability of lipid particles in O/W emulsions is influenced by many factors, such as pH or types of emulsifiers composing the droplet interface [2] . Because lipid oxidation in O/W emulsions take places mostly at the interface of lipid and aqueous phase, the characteristics of the interface of dispersed particles could have a large effect on the oxidative stability of oils and fats in O/W emulsions [3] [4].
Usually, an emulsifier is essential for preparing emulsions, except for particular cases, such as "three-phase emulsion" [5] [6] . Because it is important for many foods and cosmetics to stabilize emulsions or emulsion particle, most research has been focused on the physical/physicochemical properties of emulsifiers in order to understand the effect of pH, ionic strength, and temperature on physical and chemical stability of emulsions [7] , understand effect of carrier oil and emulsifier type on phase behavior and physical stability [8] , or prepare pH-responsive emulsions [9] . On the contrary, the relationship between emulsifier and oxidation of carrier oil has been also researched. For example, Hu et al.
reported that oxidation of corn oil-emulsion was suppressed by adding casein as emulsifier, perhaps because casein produces thick layers on emulsion or it possesses chelating properties [10] . Lee et al. reported that phosphatidylcholine decreased the oxidation of sunflower oil-emulsion due to the ability of phosphatidylcholine to quench singlet oxygen, a trigger of oxidation [11] . In these researches, casein and phospholipids showed intrinsic antioxidant activity. However, few reports have previously mentioned that an emulsifier affects the activity of antioxidant in emulsions.
Kiralan et al. demonstrated that an emulsifier, such as Tween 20, has the ability to solubilize antioxidants, such as tocopherols, to the water phase of the emulsion, which resulted in a low degree of oxidation of the emulsion prepared from soy bean oil [12] . Our previous report also demonstrated that some additional emulsifier can dramatically increase the activity of lyophobic antioxidants such as catechin in O/W emulsion prepared from milk fat [13] . We thought that some emulsifier could modify the physical location of antioxidants to oil-water interface where oxidation occurs. Because the oxidation behavior of an emulsion varies with its composition, such as the oils and emulsifiers used, the concentration of emulsifier, or the ratio of oil to water, further validation is required.
In this study, the effect of emulsifier concentration on the oxidation of an O/W emulsion prepared from canola oil was investigated. 
Methods

Purification of Oil (To Remove Tocopherol)
Canola oil (60 g) was dissolved by 300 mL of hexane flowed by adding activated charcoal. After 15 min of agitation, filtrate was obtained by suction filtration using Kiriyama funnel. Filtrate was filtered with filter paper (Advantec® No.1) again. Purified oil was obtained after evaporation of solvent.
Preparation of O/W Emulsion
Ultrapure water (70 mL) containing Tween 20 or decaglyceryl monomyristate was added to canola oil (30 g). This was then emulsified using homogenizer (IKA®T10 basic, ULTRA-TURRAX®, Jahnke und Kunkel GmbH, Staufen, Germany) at 8,000 rpm for 3 min. Concentrations of emulsifiers used were 0.5, 2.5, 5.0, and 10 wt% vs oil. This emulsion contained 0.2 wt% of AMVN and AAPH vs oil. AMVN and AAPH were dissolved with oil and water, respectively, prior to homogenization.
Oxidation Test
Emulsions were incubated under moderate agitation at 34˚C in the dark for 7 
Fatty Acid Composition of Canola Oil
Fatty acids of canola oil was methyl-esterified using hydrochloric acid in methanol, as described by Jham et al. [15] , and subjected to gas chromatography (GC) using a GC-17A (Shimadzu, Kyoto, Japan) equipped with a flame ionization detector and a fused silica capillary column, DB-WAX (0.25 mm × 60 m, 0.25 μm; Agilent Technologies, CA, USA). The temperature of both the injector and detector were 250˚C. Helium at 80 kPa was used as the carrier gas. The column temperature was 190˚C.
Extraction of Oil from Emulsion
Emulsion (3.3 mL) was drawn into a test tube and mixed with mixture of chloroform-methanol (2:1, v/v), followed by centrifugation at 3000 rpm for 5 min. Then, a lower layer was carefully drawn by pasteur pipette. Oil was obtained after evaporation of the solvent and its peroxide value (Section 2.2.6) and tocopherol content (Section 2.2.7) were analyzed.
Peroxide Value (PV, mEq/kg)
Potentiometric titrations of peroxide value (PV, meq/kg) of the oil were performed in accordance with the standard method for the analysis of fats, oils and related materials as prescribed by the Japan Oil Chemists' Society [16] . 
Quantification of Tocopherol in Oil
Particle Size of Emulsion
Particle size of emulsion was measured using an inverted optical microscope 
Tocopherol Content of Lipid Phase
Emulsion (1 mL) was drawn into a micro tube and centrifuged at 15,000 rpm for 1 h. The upper (oil) layer (300 μL) was collected and added to a mixture of chloroform-methanol-water (10:5:3, v/v/v), followed by centrifugation at 3000 rpm for 5 min. Then, the lower layer was collected and dried by nitrogen stream. The tocopherol content of the oil obtained was measured as described in section 2.2.7.
Statistical Analysis
All experiments were conducted in, at least, triplicate. Data are shown as the means ± standard deviation. A significant difference was determined by Scheffe's test (P < 0.01). Table 2 . Data obtained from the emulsion oxidized with AAPH in the same way were also shown. Although it was not a clear as that of AMVN, similar tendency was observed from the emulsion oxidized with AAPH.
Results and Discussion
PV and Tocopherol Content on Oxidation Test
When emulsions were prepared with purified (i.e. tocopherol-free) canola oil and oxidized with AMVN, PVs of all emulsions with different concentration of Tween 20 increased very rapidly and reached ~100 mEq/kg within the first day (Table 3 ). There were no significant differences. This result means that tween20
does not affect oxidation of oil in droplets themselves.
These results, suggest that Tween 20 affected the oxidation stability of the emulsion prepared in this study, and that with the addition of the more Tween 20, there was greater suppression of the oxidation of the emulsion. Tween 20 may have some influence on tocopherol existing in lipid phase in emulsion droplets.
Diameter of Emulsion Droplets and Tocopherol Content at Lipid Phase
To research the effect of Tween 20 more clearly, the diameter of emulsion droplets and tocopherol content existing in lipid phase before oxidation of emulsion were measured. (Figure 1(a) ). In addition, emulsions prepared with decaglyceryl monomyristate as emulsifier containing AMVN as radical generator, showed no tendency in terms of the concentration of decaglyceryl monomyristate and PV (data not shown). Richards et al. also reported that excess Brij, an emulsifier, could cause propyl gallate to migrate from lipid phase to the water phase in O/W emulsion using salmon oil, with no effect on its antioxidant efficacy [20] . of α/δ-tocopherol was shown by increasing the concentration of Tween 20 [12] .
In both experiments, emulsions were prepared from soybean oil with an oil/water ratio of 1:99 (w/w), and Tween 20 was added at 1 wt% vs oil, and additional Tween 20 incorporated at 0.1% -2.5%. From these reports, it was suggested that the effect of additional/excess emulsifier differed with the composition of the emulsion, such as emulsifier used, antioxidants used, ratio of oil/water, and emulsions used.
Conclusion
If oxidation of oils and fats in emulsion can suppress by using emulsifier, economic impact is big because most of emulsifiers are relatively cheaper than most of antioxidant compounds. In this study, using a simple O/W emulsion system composed of canola oil, water, and emulsifier, the effect of emulsifier on oxidation of emulsion was investigated. Although the effect was modest, excess amount of Tween 20 modified the antioxidant efficacy of tocopherol in a dose-dependent manner. The speculation is that Tween 20 can help tocopherol to migrate from the lipid phase to the oil-water interphase, where the oxidation occurs. Further research to define the optimum combination of oil, water, and emulsifier is required.
